PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2001-158670 
(43)Date of publication of application : 12.06.2001 



(51)lnt.CI. 



C04B 35/64 
H05K 3/46 



(21) Application number : 11-338709 

(22) Date of filing : 29.1 1 .1 999 



(71) Applicant : KYOCERACORP 

(72) lnventor : SATA AKIHITO 

OKAZAKI KEITARO 
MIYAUCHI MASAHIKO 
KIMURATETSUYA 
TERASHI YOSHITAKE 



(54) METHOD FOR PRODUCING GLASS-CERAMIC SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for obtaining a 
glass-ceramic substrate having high dimensional accuracy by firmly 
restraining the sinter shrinkage of a laminated layer in a glass-ceramic 
green sheet. 

SOLUTION: This method comprises (i) making a glass-ceramic green 
sheet laminated product by laminating plural glass-ceramic green 
sheets comprising an organic binder and having conductor patterns on 
the surfaces of the green sheets, (ii) laminating a restraint green sheet 
comprising a sintering-resistant inorganic material, glass and an 
organic binder on both surfaces of the laminated product, (iii) 
removing the organic component from the laminated product and then 
sintering it to make the glass-ceramic substrate retaining the restraint 
sheet and (iv) removing the restraint sheet from the glass-ceramic 
substrate, and (v) the content of glass in the restraint green sheet is 

set being in such a way that the restraint green sheet and the glass-ceramic green sheet are joined 
together in being sintered and the restraint green sheet does not substantially cause shrinkage in its 
laminated layer. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows t h e worc j w hich can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention carries Semi-conductor LSI, a chip, etc., and relates to the manufacture 
approach of the multilayer glass ceramic substrate for carrying out mutual wiring of them. 
[Description of the Prior Art] 

[0002] In recent years, a miniaturization and lightweight-ization are desired also for the wiring substrate with which a 
miniaturization and lightweight-ization are progressing and Semi-conductor LSI, a chip, etc. mount these. High density 
wiring of the multilayered ceramic substrate which arranged the internal electrode etc. in the substrate to such a 
demand demanded is attained, and since thin-shape-izing is possible, in today's electronics industry, importance is 
attached to it. 

[0003] As a multilayered ceramic substrate, it consists of a nature sintered compact of an alumina, and the insulating 
substrate by which the wiring layer which consists of refractory metals, such as a tungsten and molybdenum, was 
formed in a front face or the interior is used more widely than before. 

[0004] On the other hand, the altitude information age in recent years comes around, and the frequency band used is 
shifting to RP-ization increasingly. In the RF wiring substrate which transmits the signal of such a RF, when 
transmitting a RF signal at high speed, it is required that resistance of the conductor which forms a wiring layer should 
be small, and a lower dielectric constant is required also of an insulating substrate. 

[0005] however, refractory metals, such as the conventional tungsten and molybdenum, -- a conductor — resistance is 
strong, the propagation velocity of a signal is slow, and since signal propagation of a high frequency field 30GHz or 
more is also difficult, it is required to replace with metals, such as a tungsten and molybdenum, and to use low 
resistance metals, such as copper, silver, and gold. However, since the above low resistance metals had the low melting 
point and it was required to calcinate at the low temperature which is about 800-1000 degrees C, elevated-temperature 
baking was not able to carry out coincidence baking of the wiring layer which consists of this low resistance metal with 
a required alumina. Moreover, since an alumina substrate has the high dielectric constant, it is unsuitable to the RF 
circuit board. 

[0006] For this reason, recently, using the crystallized glass which calcinates the mixture of glass and the ceramics 
(minerals filler) and is obtained as an insulating substrate attracts attention. That is, since the dielectric constant of 
crystallized glass is low, it is suitable as an insulating substrate for RFs, and since crystallized glass can be calcinated at 
800- 1 000-degree C low temperature, it has the advantage that low resistance metals, such as copper, silver, and gold, 
can be used as a wiring layer. 

[0007] After it adds an organic binder, a plasticizer,.a solvent, etc. to the mixture of glass and a filler, makes them a 
slurry and fabricates a glass ceramic green sheet with a doctor blade etc., a multilayer glass ceramic substrate prints the 
conductive paste containing the powder of low resistance metals, such as copper, silver, and gold, forms a conductor 
pattern on said green sheet, subsequently carries out the laminating of the green sheet of two or more sheets, and is 
calcinated and obtained at the temperature of 800-1 000 degrees C. 

[0008] However, a multilayer glass ceramic substrate has the problem of producing the contraction accompanying 
sintering in a baking process. Extent of such contraction is not uniform and contraction and the contraction direction 
change with the variation in the inorganic material for substrates to be used, a green sheet presentation, and the fine- 
particles grain size which is a raw material, a conductor pattern, internal electrode ingredients, etc. This causes some 
problems in production of a multilayer glass ceramic substrate. 

[0009] First, in case the screen version for internal electrode printing is produced, it must count backward from 
contraction of a substrate and the magnitude of the screen version must be determined, but since contraction or the 
contraction direction of a substrate are not fixed as mentioned above, the screen version must be remade for every 
manufacture lot of a substrate, is uneconomical, and is not realistic. Furthermore, in the multilayer glass ceramic 
substrate produced by the above green sheet laminated layers methods, since contraction of the lengthwise direction. 



and longitudinal direction within a laminating side changes with directions of film formation of a green sheet, 
production of a multilayer glass ceramic substrate will become much more difficult. On the other hand, when forming 
the electrode of the large field beyond the need so that a contraction error may be permitted, high-density wiring 
becomes impossible. 

[0010] In order to make these contraction change small, it is necessary to investigate the inclination of contraction of 
the substrate by the circuit design, or to manage enough laminating conditions, such as management of a substrate 
ingredient and a green sheet presentation, variation of fine-particles grain size, press **, and temperature, in a 
production process. However, generally it is said that the error of contraction exists about **0.5%. 
[001 1] This is a technical problem common to the thing accompanying sintering of the ceramics, crystallized glass, etc. 
irrespective of a multilayer glass ceramic substrate, in order to solve such a technical problem -- (1) of the following 
[ JP,4-293978,A, JP,5-28867,A, and JP,5-102666,A ] - (4) The manufacture approach of a substrate including a process 
is proposed. 

[0012] (1) Carry out the request number-of-sheets laminating of the thing in which the conductor pattern was formed to 
the glass ceramic green sheet containing a glass ceramic component and organic components, such as a binder and a 
plasticizer. (2) On obtained both sides or one side of a layered product of a glass ceramic green sheet The inorganic 
material and binder which are not sintered in the burning temperature of said glass ceramic component, The laminating 
of the restricted green sheet containing organic components, such as a plasticizer, is carried out, and it is (3). The 
layered product of the layered product of these glass ceramic green sheet and a restricted green sheet is heated. An 
organic component is removed first, and subsequently it calcinates, and is a glass ceramic substrate and a restricted 
sheet, nothing, and (4), respectively. Finally, a restricted sheet is removed from a glass ceramic substrate. 
[0013] According to this approach, in order that said restricted green sheet may restrain the contraction at the time of 
baking of a glass ceramic green sheet, contraction will take place only in the thickness direction of a layered product, 
contraction will not take place to the length and the longitudinal direction of a laminating side, and it is thought that the 
dimensional accuracy of a glass ceramic substrate improves. 
[0014] 

[Problem(s) to be Solved by the Invention] By the above-mentioned approach, association with a glass ceramic green 
sheet and a restricted green sheet is performed by organic components, such as a binder contained in those green sheets. 
However, (3) In the baking process, after organic components, such as a binder and a plasticizer, decompose and 
vaporize, the fine particles in a restricted green sheet and the fine particles in a glass ceramic green sheet only stick, and 
only touch, and the weak coupling by Van der Waals force is only working among those sheets. 
[0015] Such weak coupling is (4). It is (3) although there is an advantage that removal of the restricted sheet in a 
process becomes easy. There is a possibility that a restricted green sheet may exfoliate carelessly by those differential 
thermal expansions etc. from a glass ceramic green sheet layered product at a baking process. It is in the middle of 
baking, and when a restricted green sheet exfoliates, it becomes impossible to prevent sintering contraction of a glass 
ceramic green sheet. Moreover, even if exfoliation of a restricted green sheet is a part, since contraction takes place in 
the part concerned, deformation of a glass ceramic substrate will occur. 

[0016] Moreover, since a glass ceramic green sheet layered product and a restricted green sheet have small bonding 
strength, depending on the permeability into the restricted green sheet of the glass component in the glass ceramic 
green sheet by those adhesion conditions before baking, and the class of glass ceramic component, it is easy to produce 
nonuniformity in those bonding strength. When nonuniformity is in bonding strength, nonuniformity will be made to 
the force which restrains sintering contraction of a glass ceramic, contraction nonuniformity will happen, and the 
curvature of a glass ceramic substrate, deformation, etc. will occur. Consequently, there is a problem that a substrate 
with high dimensional accuracy is not obtained. 

[001 7] The purpose of this invention is offering the approach of restraining certainly sintering contraction in the 
laminating side of a glass ceramic green sheet, and obtaining a glass ceramic substrate with high dimensional accuracy 
[0018] 

[Means for Solving the Problem] this invention persons are (I) as a result of repeating research wholeheartedly that the 
above-mentioned technical problem should be solved. If the glass component is made to contain in a restricted green 
sheet In order that this glass component may act as a binding material which combines a glass ceramic green sheet and 
a restricted green sheet in a baking process, It can prevent that the bonding strength between them increases and a 
restricted green sheet exfoliates, (II) Sintering contraction of the restricted green sheet at the time of baking itself is 
substantially avoidable by setting the content of glass as predetermined within the limits, The result (III), Contraction 
of a glass ceramic green sheet layered product is certainly suppressed with a restricted green sheet, and it came to 
complete a header and this invention for the new fact that a glass ceramic substrate with high dimensional accuracy can 
be obtained. 

[0019] Namely, the manufacture approach of the glass ceramic substrate of this invention (i) The process which carries 
out the laminating of two or more sheets of the glass ceramic green sheet with which the organic binder was contained 



and the conductor pattern was formed in the front face, and produces a glass ceramic green sheet layered product, (ii) 
The process which carries out the laminating of the restricted green sheet containing a difficulty degree-of-sintering 
inorganic material, glass, and an organic binder to both sides of said glass ceramic green sheet layered product, (iii) The 
process which produces the glass ceramic- substrate which removed the organic component from the layered product of 
said restricted green sheet and a glass ceramic green sheet layered product, subsequently calcinated, and held the 
restricted sheet, (iv) The process which removes a restricted sheet from said glass ceramic substrate is included, (v) The 
glass content of said restricted green sheet is characterized by being the amount which combines a restricted green 
sheet with said glass ceramic green sheet at the time of said baking, and does not shrink a restricted green sheet 
substantially in the laminating side. 

[0020] Here, it means that contraction of a restricted green sheet is more preferably controlled to 0.5% or less 0.8% or 
less 1% or less, saying "it is not made to contract substantially." Moreover, the above "the inside of a laminating side" 
means the inside of the field specified by the direction of X and the direction of Y of [ when making the thickness 
direction into a Z direction in. a three-dimensions coordinate ], and specifically means the lengthwise direction and 
longitudinal direction of a sheet. 

[0021] As for the softening temperature of the glass contained in said restricted green sheet, in this invention, it is good 
that it is below the burning temperature of said glass ceramic green sheet layered product. Thereby, the glass in a 
restricted green sheet becomes soft at a baking process, and bonding strength increases. 

[0022] Moreover, as for the softening temperature of the glass contained in said restricted green sheet, what is higher 
than the removal temperature of said organic component is good. When the softening temperature of said glass is lower 
than the removal temperature of an organic component, there is a possibility that it may be blockaded with the glass 
which the removal path for the organic component which decomposed and vaporized to pass softened. 
[0023] As for the glass content in said restricted green sheet, it is good that they are 0.5 - 15% of the weisht of all the 
mineral constituents in this restricted green sheet. Usually, although it becomes the amount which this range combines 
[ amount ] with said glass ceramic green sheet at the time of baking, and does not shrink a restricted green sheet 
substantially in that laminating side, it is not necessarily restricted to this range and a glass content changes with the 
classes of glass to be used etc. 
[0024] 

[Embodiment of the Invention] As for the glass ceramic green sheet in this invention, glass powder, filler powder 
(ceramic powder), and the thing that mixed the organic binder, the plasticizer, the organic solvent, etc. further are used. 
[0025] As a glass component, it is Si02-B-2 03, for example. A system and Si02-B-2 03-aluminum 203 System, a 
Si02-B-2 03-aluminum2 03-MO system (however, M - calcium --) The Si02-aluminum2 03-M1 0-M2 O system 
which shows Sr, Mg, Ba, or Zn however. Ml and M2 are the same -- or - differing - calcium, Sr, and Mg - The 
Si02-B-2 03-aluminum2 03-M1 0-M2 O system which shows Ba or Zn A (the same [ however, / Ml and M2 / as the 
above ]) Si02-B-2 03-M320 system As for M3, a SiO(which however, shows Li, Na, or K)2-B-2 03-aluminum2 03- 
M320 system (however, M3 is the same as the above), Pb system glass, Bi system glass, etc. are mentioned. 
[0026] moreover - as said filler - aluminum 203, Si02, and Zr02 A multiple oxide with an alkaline-earth-metal 
oxide, and Ti02 A multiple oxide with an alkaline-earth-metal oxide, and aluminum 203 And Si02 from - the 
multiple oxide (for example, a spinel, a mullite, cordierite) containing at least one sort chosen etc. is mentioned. As for 
the mixed rate of the above-mentioned glass and a filler, it is desirable that it is 40:60-99:1 in a weight ratio. 
[0027] As an organic binder blended with a glass ceramic green sheet What is conventionally used for the ceramic 
green sheet is usable, for example, acrylic (an acrylic acid, a methacrylic acid, the homopolymer of those ester, or a 
copolymer -) Specifically An acrylic ester copolymer, a methacrylic ester copolymer, A homopolymer or copolymers, 
such as polyvinyl-butyral systems, such as an acrylic ester-methacrylic ester copolymer, a polyvinyl alcohol system, an 
acrylic-styrene system, a polypropylene carbonate system, and a cellulose system, are' mentioned. 
[0028] A glass ceramic green sheet adds the plasticizer of the specified quantity, and solvents (an organic solvent, 
water, etc.) to the above-mentioned glass powder, filler powder, and an organic binder if needed, obtains a slurry, and 
is obtained by fabricating this in thickness of about 50-500 micrometers by the doctor blade, rolling, the calendering 
roll, the die press, etc. 

[0029] In order to form a conductor pattern in a glass ceramic green sheet front face, what pasted conductor-material 
powder is printed with screen printing, gravure, etc., or the approach of imprinting the metallic foil of a predetermined 
pattern configuration is mentioned. As a conductor material, one sort, such as Au, Ag, Cu, Pd, and Pt, or two sorts or 
more may be mentioned, for example, and when it is two or more sorts, you may be which gestalten, such as mixing, an 
alloy, and coating, in addition, the beer for connecting the conductor patterns between up-and-down layers to a surface 
conductor pattern - a conductor and a through hole - penetration of a conductor etc. - the part which the conductor 
exposed to the front face is also contained, these penetration - a conductor is formed by means, such as embedding by 
printing what pasted conductor-material powder (conductive paste) at the through tube formed in the glass ceramic 
green sheet by punching processing etc. 



[0030] The approach of applying between sheets the adhesives which consist of the approach of applying and carrying 
out thermocompression bonding of heat and the pressure to the accumulated green sheet, an organic binder, a 
plasticizer, a solvent, etc., and carrying out thermocompression bonding etc. is employable as the laminating of a glass 
ceramic green sheet. The restricted green sheet in this invention fabricates the slurry which added the organic binder, 
the plasticizer, the solvent, etc. to the mineral constituent which consists of a difficulty degree-of-sintering inorganic 
material and glass, and is obtained, as a difficulty degree-of-sintering inorganic material - aluminum 203 And Si02 
from - although at least one sort chosen is mentioned, it is not restricted to these. 

[0031] The same thing as the glass blended with the glass ceramic green- sheet which it is not especially restricted and 
was described above also about the glass added to a restricted green sheet is usable. Moreover, the glass in a restricted 
green sheet may be the thing of the same presentation as the glass in a glass ceramic green sheet, and may be the thing 
of a different presentation. 

[0032] The softening temperature of the glass in a restricted green sheet is below the burning temperature of a glass 
ceramic green sheet layered product, and what is higher than decomposition / vaporization temperature of the organic 
component in a restricted green sheet is desirable. As for the softening temperature of the glass in a restricted green 
sheet, specifically, it is desirable that it is about 450-1 100 degrees C. When the softening temperature of glass is less 
than 450 degrees C, there is a possibility that the removal path of an organic component in which softened glass 
decomposed and vaporized will be closed, and an organic component cannot be completely removed at the time of 
removal of the organic component from a glass ceramic green sheet. On the other hand, when the softening temperature 
of glass exceeds 1 100 degrees C, on the baking conditions of the usual glass ceramic green sheet, there is a possibility 
of stopping acting as a binding material to this green sheet. 

[0033] A restricted green sheet is obtained by fabricating using an organic binder, a plasticizer, a solvent, etc. like 
production of a glass ceramic green sheet. The ingredient same with having used it with the glass ceramic green sheet 
as an organic binder, a plasticizer, and a solvent is usable. Here, a plasticizer is added for giving flexibility to a 
restricted green sheet and raising adhesion with a glass ceramic green sheet at the time of a laminating. 
[0034] When it is desirable only on one side that it is 10% or more to the thickness of a glass ceramic green sheet 
layered product as for the thickness of the restricted green sheet by which a laminating is carried out to both sides of a 
glass ceramic green sheet and it is thinner than this, a possibility that the constraint nature of a restricted green sheet 
may fall has it. Moreover, when vaporization of an organic component is made easy and removal of the restricted sheet 
from a glass ceramic substrate is taken into consideration, as for the thickness of a restricted green sheet, it is good that 
it is about 200% or less of the thickness of a glass ceramic green sheet layered product. Moreover, the restricted sheet 
by which a laminating is carried out may be the thing of one sheet, or it may carry out the laminating of two or more 
sheets so that it may become predetermined thickness. 

[0035] In order to carry out the laminating of the fabricated restricted green sheet to both sides of a glass ceramic green 
sheet, the approach of applying between sheets the adhesives which consist of the approach of applying and carrying 
out thermocompression bonding of heat and the pressure to the accumulated green sheet, an organic binder, a 
plasticizer, a solvent, etc., and carrying out thermocompression bonding etc. is employable. When making an adhesives 
layer intervene between sheets, this adhesives layer is made to contain the same glass component as a restricted green 
sheet, and you may make it heighten the bonding strength between sheets. 

[0036] Removal and baking of an organic component are performed for a restricted green sheet behind a laminating. 
Removal of an organic component is performed by heating a layered product in a 100-800-degree C temperature 
requirement, and an organic component is decomposed and vaporized. Moreover, although burning temperature 
changes with glass ceramic presentations, it is usually within the limits of about 800-1 100 degrees C. Although baking 
is usually performed in atmospheric air, in using Cu for conductor material, it removes an organic component in the 
nitrogen-gas-atmosphere mind containing a 100-700-degree C steam, and, subsequently calcinates in nitrogen-gas- 
atmosphere mind. 

[0037] Moreover, at the time of baking, in order to prevent curvature, it may carry out putting a weight on a layered 
product top face etc., and a load may be applied. 50Pa - IMPa extent are suitable for a load. When a load is less than 
50Pa, there is fear which is not enough. Moreover, when a load exceeds IMPa, there is a possibility of causing the 
problem of it becoming the lack of heat capacity and being unable to calcinate even if it does not go into a firing 
furnace and goes into a firing furnace, since the weight to be used becomes large. It is desirable to use a porous ceramic 
metallurgy group etc. so that vaporization of the decomposed organic component may not be barred as a weight. A 
porous weight may be put on the top face of a layered product, and a nonvesicular weight may be placed on it. 
[0038] A restricted sheet is removed after baking. If it is the approach the restricted sheet combined with the front face 
of a glass ceramic substrate is removable as the removal approach, there will be especially no limit, for example, 
ultrasonic cleaning, polish, a water jet, chemical blasting, sandblasting, wet blasting (how to make an abrasive grain 
and water inject with pneumatic pressure), etc. will be mentioned. 

[0039] Since the obtained multilayer glass ceramic substrate becomes possible [ suppressing the contraction within the 



laminating side to about 0.5% or less ] since the contraction at the time of baking is suppressed only in the thickness 
direction with the restricted green sheet and the glass ceramic green sheet is moreover combined uniformly and 
certainly over the whole surface with the restricted green sheet, it can prevent that curvature and deformation take place 
[ of a restricted green sheet ] by exfoliation etc. in part. 
[0040] 

[Example] Although an example, the example of a comparison, and the example of a trial are given and the approach of 
this invention is hereafter explained to a detail, this invention is not limited only to the following examples. 
[0041] As an example 1 glass-ceramic component, they are 60 % of the weight of Si02-aluminum2 03-MgO-B2 03- 
ZnO system glass powder, and CaZrOS. 20 % of the weight of powder, and SrTi03 17 % of the weight of powder, and 
aluminum 203 3 % of the weight of powder was used. The toluene 30 weight section was added to this glass ceramic 
component 100 weight section as an organic binder as the acrylic resin 12 weight section, the phthalic-acid system 
plasticizer 6 weight section, and a solvent, and it mixed by the ball mill method, and considered as the slurry. The glass 
ceramic green sheet with a thickness of 300 micrometers was fabricated for this slurry with the doctor blade method. 
Subsequently, on this green sheet, the silver-palladium paste was used and the conductor pattern was formed by screen- 
stencil. As conductive paste, it is aluminum 203 to the alloy powder (mean particle diameter of 1.0 micrometers) 100 
weight section whose Ag:Pd is 85:15 in a weight ratio. The ethyl cellulose system resin of the specified quantity and a 
terpineol were further added as a vehicle component, and the powder 2 weight section and the glass powder 2 weight 
section of said glass and this presentation, and the thing mixed so that it might become moderate viscosity with 3 rolls 
were used. On the other hand, it is aluminum 203 as a mineral constituent. Using 95 % of the weight of powder, and 5 
% of the weight of Si02-aluminum2 03-MgO-B2 03-ZnO system glass powder of 720 degrees C of softening 
temperatures, the slurry was produced like said glass ceramic green sheet, subsequently it fabricated, and the restricted 
green sheet with a thickness of 250 micrometers was obtained. The predetermined number of sheets of said glass 
ceramic green sheet in which the conductor pattern was formed on the front face was accumulated, the glass ceramic 
green sheet layered product was obtained, said restricted green sheet was further stuck to the both sides by pressure by 
superposition, the temperature of 55 degrees C, and pressure 20MPa, and the layered product was obtained. The 
obtained layered product was laid in the alumina setter, and after heating at 500 degrees C among atmospheric air for 2 
hours and removing an organic component, it calcinated at 900 degrees C for 1 hour. After baking, the restricted sheet 
had adhered to both sides of a glass ceramic substrate. In this condition, even if struck lightly, a restricted sheet did not 
separate. Although most was removable by grinding the restricted sheet adhering to the front face of a glass ceramic 
substrate, it remained thinly on the glass ceramic substrate front face. About this restricted sheet that remained, it is 
spherical aluminum 203. It removed with wet blasting which projects the mixture of impalpable powder and water 
with high-pressure pneumatic pressure. Surface roughness Ra became a smooth field 1 micrometer or less, and the 
solder wettability of a conductor of the front face of the glass ceramic substrate after removing a restricted sheet was 
also satisfactory. Moreover, contraction in the laminating side of the obtained glass ceramic substrate is 0.5% or less, 
and neither curvature nor deformation was also accepted in the substrate. 

[0042] The glass ceramic substrate was obtained like the example 1 except an example 2 and 3 softening temperatures 
having produced the restricted green sheet, using respectively the glass which is 600 degrees C and 700 degrees C 
[0043] The glass ceramic substrate was obtained like the example 1 except having produced the restricted green sheet 
which does not contain example of comparison 1 glass. 

[0044] The glass ceramic substrate was obtained like the example 1 except example of comparison 2 softening 
temperature having produced the restricted green sheet using the glass which is 920 degrees C. 
[0045] The glass ceramic substrate was obtained like the example 1 except example of comparison 3 softening 
temperature having produced the restricted green sheet using the glass which is 400 degrees C. 
[0046] Consequently, like the example 1, contraction in a laminating side is 0.5% or less (99.5% or more of namely, 
contraction), and neither curvature nor deformation was accepted in the substrate by the glass ceramic substrate 
obtained in the examples 2 and 3. On the other hand, since the glass ceramic substrate obtained in the examples 1 and 2 
of a comparison contains the glass with which the used restricted green sheet has softening temperature higher than 
burning temperature, excluding glass, the restricted green sheet has all separated simply from the glass ceramic 
substrate after baking. Moreover, since contraction in the laminating side of a glass ceramic substrate became about 
85% since the bonding strength between a glass ceramic green sheet and a restricted green sheet is weak, or some 
substrates were combined with the restricted sheet, the glass ceramic substrate deformed greatly. On the other hand, in 
the example 3 of a comparison, since the softening temperature of the glass contained in a restricted green sheet was 
low, an organic component was not removed completely, but although it was good, as for contraction in the laminating 
side of a glass ceramic substrate, for this reason, the color tone of a glass ceramic substrate became gray to 0:5% or 
less. 

[0047] As an example 4 - 7 glass ceramic components, it is Si02-MgO-CaO-aluminum 203. 70 % of the weight of 
system glass powder, and aluminum 203 30 % of the weight of powder was used. The toluene 30 weight section was 



added to this glass ceramic component 100 weight section as an organic binder as the acrylic resin 9.0 weight section, 
the phthalic-acid system plasticizer 4.5 weight section, and a solvent, and it mixed by the ball mill method, and 
considered as the slurry. The glass ceramic green sheet with a thickness of 300 micrometers was fabricated for this 
slurry with the doctor blade method. Subsequently, the conductor pattern was formed by screen -stencil using the same 
silver-palladium paste as an example 1 on this green sheet. On the other hand, it is aluminum 203 as a mineral 
constituent. Si02-MgO-CaO-aluminum 203 of powder and 720 degrees C of softening temperatures It used at a rate 
which shows system glass powder in Table 1, respectively, the slurry was produced like said glass ceramic green sheet, 
subsequently it fabricated, and the restricted green sheet with a thickness of 250 micrometers was obtained. The 
predetermined number of sheets of said glass ceramic green sheet in which the conductor pattern was formed on the 
front face was accumulated, the glass ceramic green sheet layered product was obtained, said restricted green sheet was 
further stuck to the both sides by pressure by superposition, the temperature of 55 degrees C, and pressure 20MPa, and 
the layered product was obtained. The obtained layered product was laid in the alumina setter, and after heating at 500 
degrees C among atmospheric air for 2 hours and removing an organic component, it calcinated at 850 degrees C for 1 
hour. Subsequently, the restricted sheet adhering to the front face of a glass ceramic substrate was removed. Surface 
roughness Ra became a smooth field 1 micrometer or less, and the solder wettability of a conductor of the front face of 
the obtained glass ceramic substrate was also satisfactory. Moreover, contraction in the laminating side of the obtained 
glass ceramic substrate is collectively shown in Table 1 . In addition, neither curvature nor deformation was accepted in 
the glass ceramic substrate. 



[0048] 
Table 11 








t# 






A 


5 


8 


7 


Mid (mm%) 


9 9 


9 7 


9 5 


9 0 




1 


3 


5 


1 0 




99.83 


99.82 


99.81 


99. 73 



[0049] Table 1 shows, as for the glass ceramic substrate obtained using each restricted green sheet of examples 4-7, 
having close dimensional accuracy by controlling the contraction at the time of baking. 

[0050] It is aluminum 203 as example of trial 1 (shrinkage test of a restricted green sheet) mineral constituent. Si02- 
MgO-CaO-aluminum 203 of powder and 720 degrees C of softening temperatures System glass powder was used at a 
predetermined rate, respectively, the toluene 30 weight section was further added as an organic binder as the acrylic 
resin 9.0 weight section, the phthalic-acid system plasticizer 4.5 weight section, and a solvent, these were mixed with 
the ball mill, and it considered as the slurry. The restricted green sheet with a thickness of 250 micrometers was 
fabricated for this slurry with the doctor blade method. This restricted green sheet was independently laid in the 
alumina setter, and after heating at 500 degrees C among atmospheric air for 2 hours and removing an organic 
component, it calcinated at 850 degrees C for 1 hour. The relation between contraction in the flat surface of the 
obtained restricted sheet and a glass addition is shown in drawing 1 . In addition, contraction shows the average value 
(n= 5) and variation of each contraction of the cross direction except the thickness direction of a restricted sheet, and a 
flow direction, and searches for them in formula:(after [ baking ] dimension) xl00/(front [ baking ] dimension). 
Moreover, a flow direction means the direction where the cross direction intersects perpendicularly the direction of film 
formation of a green sheet in the direction of film formation, respectively. As shown in drawing 1 , in order to make 
contraction into 99.5% or more, namely, to suppress contraction of a restricted sheet to 0.5% or less, the glass addition 
into a restricted green sheet is understood that it is desirable to consider as about 1 5 or less % of the weight. Moreover, 
when a glass addition exceeds 15 % of the weight, it is in the inclination for the variation in contraction to also become 
large. However, if a glass addition decreases, since the constraint nature of the glass ceramic green sheet by the 
restricted green sheet will fall (see the aforementioned example 1 of a comparison), it is necessary to determine the 
glass addition to which constraint nature does not fall, and 0.5-15 % of the weight is made into the optimum range in 
this invention. 

[0051] When the relation between a glass addition and contraction was investigated like the example 1 of a trial except 
having used Si02-aluminum2 03-MgO-B2 03-ZnO system glass powder as example of trial 2 glass, a glass addition is 
99.5% or more at 15 or less % of the weight, and, as for contraction of a restricted green sheet, the glass addition was 
maintaining about 99.8% at 10 or less % of the weight. 
[0052] 

[Effect of the Invention] Since according to this invention it combines with this layered product, and the laminating of 
the restricted green sheet which is not contracted substantially is carried out to both sides of a glass ceramic green sheet 



layered product and it is calcinated to them at the time of baking, the contraction within the laminating side of a glass 
ceramic green sheet substrate can be suppressed certainly, and it is effective in a glass ceramic substrate with high 
dimensional accuracy without curvature or deformation being obtained. 



[Translation done.] 



